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ANYG ;Z_TS 3TM 01+,).*/ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&(' (&&.%-%(. 888 =ZK[G4INOG @ZK_TS ;Z_TS 3TM 01+,).+& b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&(( (&&.%-%(. 888 ?GRUGSMG <GHGQGIGY ;Z_TS 3TM 01+,).+' b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&)' (&&.%-%. E 0QHG^ 1GIGIG^ ;Z_TS 3TM 01+,).+. b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&)( (&&.%-%', E 0QHG^ 1GIGIG^ ;Z_TS 3TM 01+,).+/ b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&)* (&&.%-%'- E 0QHG^ CGHGIT2NY^ ;Z_TS 3TM 01,.),)( b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&), (&&.%.%'* E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM 01+,).,' b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&)- (&&.%.%'+ E 2GRGWNSKXBZW 6GNS_G ;Z_TS 3TM 01+,).,( b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&). (&&.%.%* 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM 01+,).,) b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&*& (&&.%.%. 888 FGRHGQKX BGS5KQNUK ;Z_TS 3TM 01+,).,* b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&*' (&&.%.%'' 888 CGWQGI <TSIGJG ;Z_TS 3TM 01+,).,+ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&*- (&&.%.%(, 888 FGRHGQKX BGS=GWINXT ;Z_TS 3TM 01+,).,- b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&*. (&&.%.%(- 888 FGRHGQKX BGS=GWINXT ;Z_TS 3TM 01+,).,. b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&*/ (&&.%.%(/ 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM 01+,).,/ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&+' (&&.%/%/ 888 ?GRUGSMG <GMGQGSM ;Z_TS 3TM 01+,).-& b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&+/ (&&.%/%'& 888 ?GRUGSMG <K]NIT ;Z_TS 3TM 01+,).-. b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&,& (&&.%/%'+ 888 ?GRUGSMG <GMGQGSM ;Z_TS 3TM 01+,).-/ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&,' (&&.%/%() 888 ?GRUGSMG <GHGQGIGY ;Z_TS 3TM 01+,)..& b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&,( (&&.%/%(* 888 =ZK[G4INOG ;NIGH ;Z_TS 3TM 01+,)..' b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&,) (&&.%/%(+ 888 =ZK[G4INOG AN_GQ ;Z_TS 3TM 01+,)..( b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&,* (&&.%/%(/ 888 ?GRUGSMG <GXGSYTQ ;Z_TS 3TM 01+,)..) b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&,+ (&&.%'&%'& 888 =ZK[G4INOG BGS9TXK2NY^ ;Z_TS 3TM 01+,)..* b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&,, (&&.%'&%') 888 ?GRUGSMG BGSBNRTS ;Z_TS 3TM 01+,)..+ b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&,- (&&.%.%(' E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01+,).., b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&-' (&&.%'&%( E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM 01+,)..- b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&-( (&&.%'&%'+ E 0QHG^ CN\N ;Z_TS 3TM 01+,)... b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#&-) (&&.%'&%(' E BTWXTMTS 9ZHGS ;Z_TS 3TM 01+,)../ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&., (&&.%'&%(& 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM 01+,)/&' b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&.- (&&.%''%) 888 ?GRUGSMG BGSYGANYG ;Z_TS 3TM 01+,)/&( b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&.. (&&.%''%* 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM 01+,)/&) b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&./ (&&.%''%'& 888 =ZK[G4INOG ;GZW ;Z_TS 3TM 01+,)/&* b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&/& (&&.%''%'( 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM 01+,)/&+ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&/' (&&.%''%'/ 888 ?GRUGSMG BGS;ZNX ;Z_TS 3TM 01+,)/&, b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&/( (&&.%''%(+ 888 ?GRUGSMG BGSYGANYG ;Z_TS 3TM 01+,)/&- b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&/) (&&.%'(%( 888 ?GRUGSMG 0SMKQKX2NY^ ;Z_TS 3TM 01+,)/&. b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&.%CAG#&/* (&&.%'(%) 8 ?GSMGXNSGS ;NSMG^KS ;Z_TS 3TM 01+,)/&/ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#&/+ (&&.%'(%+ 888 =ZK[G4INOG ;GZW ;Z_TS 3TM 01+,)/'& b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#''' (&&.%'(%/ 888 ?GRUGSMG <GHGQGIGY ;Z_TS 3TM 01+,)/(* b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&.%CAG#''( (&&.%'(%'- 888 FGRHGQKX 2GXYNQQKOTX ;Z_TS 3TM 01+,)/(+ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#'') (&&/%'%+ 888 =ZK[G4INOG <ZST_ ;Z_TS 3TM 01+,)/(, b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#''* (&&/%'%, 888 FGRHGQKX BGS<GWIKQNST ;Z_TS 3TM 01+,)/(- b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#''+ (&&/%'%(/ 888 ?GRUGSMG BGSYG0SG ;Z_TS 3TM 01+,)/(. b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#'', (&&/%'%'* 888 FGRHGQKX BGS5KQNUK ;Z_TS 3TM 01+,)/(/ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#''- (&&/%'%'/ 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM 01+,)/)& b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#''. (&&/%'%(, 888 ?GRUGSMG BGS;ZNX ;Z_TS 3TM 01+,)/)' b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#'(& (&&.%''%(& E 2GYGSJZGSKX ENWGI 2GYGSJZGSKX 3TM 01,.),)- b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#'(' (&&.%''%(- E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM 01+,)/)* b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&.%CAG#'() (&&.%'(%(* E 2GYGSJZGSKX ENWGI 2GYGSJZGSKX 3TM 01+,)/), b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#'(- (&&/%(%( 888 ?GRUGSMG <GXGSYTQ ;Z_TS 3TM 01+,)/)- b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#'(. (&&/%(%( 888 =ZK[G4INOG ?GQG^GS ;Z_TS 3TM 01+,)/). b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#'(/ (&&/%(%' 888 ?GRUGSMG BGS;ZNX ;Z_TS 3TM 01+,)/)/ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#')& (&&/%(%') 888 ?GRUGSMG 0SMKQKX2NY^ ;Z_TS 3TM 01+,)/*& b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#')( (&&/%(%(& 888 =ZK[G4INOG CGQZMYZM ;Z_TS 3TM 01,.)+., b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#')) (&&/%(%() 888 ?GRUGSMG BGSYTCTRGX ;Z_TS 3TM 01+,)/*( b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#')* (&&/%(%(, 888 =ZK[G4INOG ?GSYGHGSMGS ;Z_TS 3TM 01+,)/*) b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#')+ (&&/%)%+ 888 ?GRUGSMG BGSYG0SG ;Z_TS 3TM 01+,)/** b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#'), (&&/%)%(/ 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS 3TM 01+,)/*+ b BGNYTKYGQ$"(&')
AE%A($?7;%(&&/%CAG#'*( (&&/%(%(, 88 2GMG^GS 0QQGIGUGS ;Z_TS 3TM 01+,)/*, b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#'+& (&&/%)%+ 8 ?GSMGXNSGS 0XNSMGS ;Z_TS 3TM 01+,)/+' b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#'+' (&&/%)%+ 8 ?GSMGXNSGS 0XNSMGS ;Z_TS 3TM 01+,)/+( b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#'+) (&&/%)%'' 8 ?GSMGXNSGS ;GTGI ;Z_TS 3TM 01+,)/+) b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#'+* (&&/%)%') 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01+,)/+* b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#'+, (&&/%)%() 8 ?GSMGXNSGS 1ZWMTX ;Z_TS 3TM 01.).-&/ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#'+- (&&/%)%)' 8 ?GSMGXNSGS 0MST ;Z_TS 3TM 01+,)/++ b BGNYTKYGQ$"(&')







AE%A'$?7;%(&&/%CAG#',' (&&/%*%') 8 ?GSMGXNSGS DWJGSKYG ;Z_TS 3TM 01+,)/+- b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#'.) (&&/%+%'( E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01+,)/,/ b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#'/. (&&/%-%') 20A <TZSYGNS?WT[NSIK CGJNGS ;Z_TS 3TM 01+,)/-) b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#'// (&&/%-%'* 20A <TZSYGNS?WT[NSIK BGJGSMG ;Z_TS 3TM 01+,)/-* b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#(&& (&&/%-%(. 20A <TZSYGNS?WT[NSIK BGJGSMG ;Z_TS 3TM 01+,)/-+ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#(&' (&&/%+%'( 888 =ZK[G4INOG BGS;KTSGWJT ;Z_TS 3TM 01+,)/-, b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#(&( (&&/%+%') 888 FGRHGQKX <GXNSQTI ;Z_TS 3TM 01+,)/-- b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#(&* (&&/%+%(( 888 ?GRUGSMG BGS;ZNX ;Z_TS 3TM 01+,)/-. b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#(&+ (&&/%+%(+ 888 =ZK[G4INOG BGS9TXK2NY^ ;Z_TS 3TM 01+,)/-/ b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&/%CAG#(&, (&&/%-%- 888 ?GRUGSMG ?TWGI ;Z_TS 3TM 01+,)/.& b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(&. (&&/%*%(- 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01+,)/.' b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(&/ (&&/%+%'' 8 ?GSMGXNSGS ?T_TWWZHNT ;Z_TS =TJGYG 01+,)/.( b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('& (&&/%+%(+ 8 ?GSMGXNSGS DWJGSKYG ;Z_TS 3TM 01+,)/.) b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(') (&&/%,%'& 8 ?GSMGXNSGS 1NSRGQK^ ;Z_TS 3TM 01+,)/.* b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('* (&&/%,%'+ 8 ?GSMGXNSGS 1GSN ;Z_TS 3TM 01+,)/.+ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('+ (&&/%,%'- 8 ?GSMGXNSGS <GSGTGM ;Z_TS 3TM 01+,)/., b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(', (&&/%,%(/ 8 ;GDSNTS 0WNSMG^ ;Z_TS 3TM 01+,)/.- b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('. (&&/%-%') 8 ;GDSNTS BGS5KWSGSJT ;Z_TS 3TM 01+,)/.. b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#('/ (&&/%-%(& 8 ?GSMGXNSGS DWHN_YTSJT ;Z_TS 3TM 01+,)/./ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#((& (&&/%-%(( 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01+,)//& b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#((' (&&/%-%() 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01+,)//' b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#((( (&&/%.%') 20A <TZSYGNS?WT[NSIK 1KXGT ;Z_TS 3TM 01+,)//( b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#((* (&&/%.%(,! 20A 8LZMGT 1GSGZK ;Z_TS 3TM 01+,)//) b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((+ (&&/%+%'. E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01+,)//* b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((, (&&/%+%(+ E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01+,)//+ b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((- (&&/%,%(( E 0QHG^ CGHGIT2NY^ ;Z_TS 3TM 01+,)//, b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#((/ (&&/%-%(* E 2GYGSJZGSKX ENWGI 2GYGSJZGSKX 3TM 01+,)//- b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#()' (&&/%.%'- E 2GRGWNSKX=TWYK ENS_TSX ;Z_TS 3TM 01+,)//. b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#()) (&&/%/%', 8 <TZSYGNS?WT[NSIK 1TSYTI ;Z_TS 3TM 01+,)/// b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#()* (&&/%/%'- 20A <TZSYGNS?WT[NSIK 1TSYTI ;Z_TS =TJGYG 01+,*&&& b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+, (&&/%.%) 8 ?GSMGXNSGS BGS<GSZKQ ;Z_TS 3TM 01-))/,* b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+- (&&/%.%'' 8 ?GSMGXNSGS 1GSN ;Z_TS 3TM 01-))/,+ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+. (&&/%.%'. 8 ?GSMGXNSGS 0MST ;Z_TS 3TM 01-))/,, b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(+/ (&&/%.%'* 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01-))/,- b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(,& (&&/%.%'- 8 ?GSMGXNSGS 0QIGQG ;Z_TS 3TM 01-))/,. b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(,) (&&/%'&%'* 8 ?GSMGXNSGS 3GMZUGS2NY^ ;Z_TS 3TM 01-))/,/ b BGNYTKYGQ$"(&')
AE%A'$?7;%(&&/%CAG#(,+ (&&/%'&%(' 8 8QTITXBZW CGMZJNS ;Z_TS 3TM 01-))/-& b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#(,. (&&/%'&%(& E BTWXTMTS 6ZHGY ;Z_TS 3TM 01-))/-- b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#(-( (&&/%''%'. E 0QHG^ 3GWGMG;TIXNS ;Z_TS 3TM 01-))/-. b BGNYTKYGQ$"(&')
AE%A+$?7;%(&&/%CAG#(-) (&&/%''%(, E 0QHG^ ;KMGXUN2NY^ ;Z_TS 3TM 01-))/-/ b BGNYTKYGQ$"(&')
AE%A($?7;%(&&/%CAG#(-/ (&&/%-%) 88 8XGHKQG BGS<GYKT ;Z_TS 3TM 01-))/-* b BGNYTKYGQ$"(&')
AE%A($?7;%(&&/%CAG#(.) (&&/%''%(+ 88 8XGHKQG BGSYNGMT2NY^ ;Z_TS 3TM 01-))/-+ b BGNYTKYGQ$"(&')
AE%A($?7;%(&&/%CAG#(.* (&&/%''%(+ 88 8XGHKQG BGS0MZXYNS ;Z_TS 3TM `01-))/-, b BGNYTKYGQ$"(&')
AE%20A$?7;%(&&/%CAG#(.+ (&&/%'&%(* 20A <TZSYGNS?WT[NSIK 1TSYTI ;Z_TS 3TM 01-))/,' b BGNYTKYGQ$"(&')
AE%A'$?7;%(&'&%CAG#(., (&'&%'%* 8 8QTITXBZW BZ^T ;Z_TS 3TM `01-))/-' b BGNYTKYGQ$"(&')
AE%20A$?7;%(&'&%CAG#(./ (&'&%'%(+ 20A 8LZMGT 0QLTSXT ;Z_TS 3TM 01-))/,( b BGNYTKYGQ$"(&')
AE%A'$?7;%(&'&%CAG#(// (&'&%'%'' 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM 01-))/-( ;2&'.+/( BGNYTKYGQ$"(&')c
AE%A'$?7;%(&'&%CAG#)&& (&'&%(%'+ 8 ?GSMGXNSGS 0QIGQG ;Z_TS 3TM 01-))/-) b BGNYTKYGQ$"(&')
AE%A)$?7;%(&'(%CAG#)&( (&'(%(%', 888 CGWQGI 2GUGX ;Z_TS 3TM ;2&'.*.( b 
AE%A)$?7;%(&'(%CAG#)&) (&'(%*%() 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&'.*.) b 
AE%A)$?7;%(&'(%CAG#)&+ (&'(%*%(+ 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&'.*.* b 
AE%A)$?7;%(&'(%CAG#)&, (&'(%+%'+ 888 =ZK[G4INOG 6ZNRHG ;Z_TS 3TM ;2&'.*.+ b 
AE%A)$?7;%(&'(%CAG#)&- (&'(%+%(( 888 CGWQGI 1GRHGS ;Z_TS 3TM ;2&'.*., b 
AE%A)$?7;%(&'(%CAG#)&. (&'(%,%- 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.*.- ;2&'.+/) 
AE%A)$?7;%(&'(%CAG#)&/ (&'(%-%/ 888 CGWQGI 2GUGX ;Z_TS 3TM ;2&'.*.. b 
AE%A)$?7;%(&'(%CAG#)'& (&'(%-%(, 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.*./ ;2&'.+/* 
AE%A)$?7;%(&'(%CAG#)'' (&'(%-%(, 888 1ZQGIGS ?GTRHTSM ;Z_TS 3TM ;2&'.*/& ;2&'.+/+ 
AE%A)$?7;%(&'(%CAG#)'( (&'(%-%)& 888 =ZK[G4INOG FGWGMTXG ;Z_TS 3TM ;2&'.*/' b 
AE%A)$?7;%(&'(%CAG#)') (&'(%/%'. 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&'.*/( ;2&'.+/, 
AE%A)$?7;%(&'(%CAG#)'* (&'(%/%'/ 888 CGWQGI 2TSIKUINTS ;Z_TS 3TM ;2&'.*/) b 
AE%A)$?7;%(&'(%CAG#)'+ (&'(%'(%', 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.*/* ;2&'.+/- 
AE%A)$?7;%(&'(%CAG#)'- (&'(%'(%'* 888 1ZQGIGS <K^IGZG^GS ;Z_TS 3TM ;2&'.*/+ ;2&'.+/. 
AE%A)$?7;%(&'(%CAG#)'. (&'(%'(%(. 888 1ZQGIGS <GWNQGT ;Z_TS 3TM ;2&'.*/, ;2&'.+// 
AE%A'$?7;%(&'(%CAG#)(& (&'(%'%, 8 ?GSMGXNSGS 1TQNSGT ;Z_TS 3TM ;2&'.*/- b 
AE%A'$?7;%(&'(%CAG#)() (&'(%(%'- 8 ?GSMGXNSGS 0QGRNSTX ;Z_TS 3TM ;2&'.*/. b 
AE%A'$?7;%(&'(%CAG#)(* (&'(%)%'' 8 ?GSMGXNSGS 1TQNSGT ;Z_TS 3TM ;2&'.*// b 
AE%A'$?7;%(&'(%CAG#)(+ (&'(%)%'( 8 ?GSMGXNSGS 0QGRNSTX ;Z_TS 3TM ;2&'.+&& b 
AE%A'$?7;%(&'(%CAG#)(- (&'(%*%'& 8 ?GSMGXNSGS <GSMGYGWKR ;Z_TS =TJGYG ;2&'.+&' b 
AE%A+$?7;%(&'(%CAG#))- (&'(%.%- E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM ;2&'.+&( b 
AE%A+$?7;%(&'(%CAG#)). (&'(%.%/ E 2GYGSJZGSKX ?GSMGSNHGS 2GYGSJZGSKX 3TM ;2&'.+&) b 
AE%A+$?7;%(&'(%CAG#))/ (&'(%.%') E 0QHG^ >GX ;Z_TS 3TM ;2&'.+&* b 
AE%A+$?7;%(&'(%CAG#)*& (&'(%.%'+ E 2GRGWNSKX=TWYK 3GKY ;Z_TS 3TM ;2&'.+&+ b 
AE%A+$?7;%(&'(%CAG#)*) (&'(%''%, E 2GRGWNSKX=TWYK ;GHT ;Z_TS 3TM ;2&'.+&, b 
AE%A+$?7;%(&'(%CAG#)** (&'(%'(%+ E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM ;2&'.+&- b 
AE%A)$?7;%(&')%CAG#)*, (&')%'%', 888 ?GRUGSMG BGSBNRTS ;Z_TS 3TM ;2&'.+&. ;2&'.,&& 
AE%A)$?7;%(&')%CAG#)*- (&')%'%() 888 =ZK[G4INOG ;NIGH ;Z_TS =TJGYG ;2&'.+&/ b 
AE%A)$?7;%(&')%CAG#)*. (&')%'%() 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS 3TM ;2&'.+'& b 
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AE%A)$?7;%(&')%CAG#)*/ (&')%'%() 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS 3TM ;2&'.+'' b 
AE%A)$?7;%(&')%CAG#)+& (&')%(%+ 888 1ZQGIGS <GQTQTX ;Z_TS 3TM ;2&'.+'( ;2&'.,&' 
AE%A)$?7;%(&')%CAG#)+' (&')%(%+ 888 1ZQGIGS ?GSJN ;Z_TS =TJGYG ;2&'.+') ;2&'.,&( 
AE%A)$?7;%(&')%CAG#)+( (&')%(%+ 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+'* ;2&'.,&) 
AE%A)$?7;%(&')%CAG#)+) (&')%(%+ 888 1ZQGIGS <GQTQTX ;Z_TS 3TM ;2&'.+'+ ;2&'.,&* 
AE%A)$?7;%(&')%CAG#)+* (&')%(%+ 888 1ZQGIGS 1GQNZGM ;Z_TS 3TM ;2&'.+', ;2&'.,&+ 
AE%A+$?7;%(&'(%CAG#)++ (&'(%,%'' E 0QHG^ CN\N ;Z_TS 3TM ;2&'.+'- b 
AE%A+$?7;%(&'(%CAG#)+, (&'(%,%') E 0QHG^ CGHGIT ;Z_TS 3TM ;2&'.+'. b 
AE%A+$?7;%(&'(%CAG#)+- (&'(%,%'* E BTWXTMTS 2GXYNQQG ;Z_TS 3TM ;2&'.+'/ b 
AE%A+$?7;%(&'(%CAG#)+. (&'(%,%'* E 2GRGWNSKX=TWYK ;GHT ;Z_TS 3TM ;2&'.+(& b 
AE%A+$?7;%(&'(%CAG#),& (&'(%,%'. E 0QHG^ ;KMGXUN2NY^ ;Z_TS 3TM ;2&'.+(' b 
AE%A+$?7;%(&'(%CAG#),( (&'(%-%'/ E 0QHG^ >GX ;Z_TS 3TM ;2&'.+(( b 
AE%A+$?7;%(&')%CAG#),* (&')%'%'+ E 0QHG^ 2GRGQNM ;Z_TS 3TM ;2&'.+() b 
AE%A+$?7;%(&')%CAG#),+ (&')%(%* E 0QHG^ CGHGIT ;Z_TS 3TM ;2&'.+(* b 
AE%20A$?7;%(&')%CAG#)-& (&')%(%(+ 20A :GQNSMG0UG^GT CGHZP ;Z_TS 3TM ;2&'.+(+ b 
AE%A'$?7;%(&'(%CAG#)-+ (&'(%+%. 8 ?GSMGXNSGS BGS2GWQTX2NY^ ;Z_TS 3TM ;2&'.+(, b 
AE%A'$?7;%(&'(%CAG#)-, (&'(%+%. 8 ?GSMGXNSGS 0QIGQG ;Z_TS 3TM ;2&'.+(- b 
AE%A'$?7;%(&'(%CAG#)-- (&'(%+%'+ 8 ?GSMGXNSGS BGSYG1GWGHGWG ;Z_TS 3TM ;2&'.+(. b 
AE%A'$?7;%(&'(%CAG#)-. (&'(%+%(/ 8 ?GSMGXNSGS BGSYG1GWGHGWG ;Z_TS 3TM ;2&'.+(/ b 
AE%A'$?7;%(&'(%CAG#)-/ (&'(%,%- 8 ?GSMGXNSGS BGS9GINSYT ;Z_TS 3TM ;2&'.+)& b 
AE%A'$?7;%(&'(%CAG#).' (&'(%,%') 8 ?GSMGXNSGS <GSGTGM ;Z_TS 3TM ;2&'.+)' b 
AE%A'$?7;%(&'(%CAG#).( (&'(%''%+ 8 ;GDSNTS 0WNSMG^ ;Z_TS 3TM ;2&'.+)( b 
AE%A'$?7;%(&'(%CAG#).) (&'(%''%'* 8 ?GSMGXNSGS BZGQ ;Z_TS 3TM ;2&'.+)) b 
AE%A'$?7;%(&'(%CAG#).* (&'(%'(%'/ 8 ?GSMGXNSGS BGS9GINSYT ;Z_TS 3TM ;2&'.+)* b 
AE%A*1$?7;%(&''%CAG#)/( (&''%+%)' 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+)+ ;2&'.,&, 
AE%A*0$?7;%(&''%CAG#)/) (&''%-%(- 8E#0 ;GMZSG 2GQGRHG ;Z_TS 3TM ;2&'.+), b 
AE%A*1$?7;%(&''%CAG#)/* (&''%.%- 8E#1 ATRHQTS ;TTI CGHQGX 3TM ;2&'.+)- ;2&'.,&- 
AE%A*1$?7;%(&''%CAG#)/, (&''%'&%(. 8E#1 ATRHQTS ;TTI CGHQGX 3TM ;2&'.+). ;2&'.,&. 
AE%A*1$?7;%(&'(%CAG#)/- (&'(%(%- 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+)/ ;2&'.,&/ 
AE%A*0$?7;%(&'(%CAG#)/. (&'(%+%'' 8E#0 @ZK_TS ;ZIKSG2NY^ ;Z_TS 3TM ;2&'.+*& b 
AE%A*1$?7;%(&'(%CAG#*&& (&'(%,%'/ 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+*' ;2&'.,'& 
AE%A*0$?7;%(&'(%CAG#*&' (&'(%,%(( 8E#0 1GYGSMGX BGS=NITQGX ;Z_TS 3TM ;2&'.+*( b 
AE%A*1$?7;%(&'(%CAG#*&( (&'(%-%'. 8E#1 ATRHQTS >JNTSMGS CGHQGX 3TM ;2&'.+*) ;2&'.,'' 
AE%A*0$?7;%(&'(%CAG#*&* (&'(%.%)' 8E#0 1GYGSMGX CGSGZGS ;Z_TS 3TM ;2&'.+** b 
AE%20A$?7;%(&')%CAG#*&+ (&')%*%(, 20A 8LZMGT ;GRZY ;Z_TS 3TM ;2&'.+*+ b 
AE%A'$?7;%(&')%CAG#*&, (&')%*%'* 8 8QTITXXZW BGSYG2WZ_ ;Z_TS 3TM ;2&'.+*, b 
AE%20A$?7;%(&')%CAG#*&- (&')%*%+ 20A 8LZMGT ;GRZY ;Z_TS 3TM ;2&'.+*- b 
AE%20A$?7;%(&')%CAG#*&/ (&')%(%'. 20A 1KSMZKY ;GCWNSNJGJ ;Z_TS 3TM ;2&'.+*. b 
AE%A+$?7;%(&')%CAG#*(' (&')%'%'+ E 0QHG^ 2GRGQNM ;Z_TS 3TM ;2&'.+*/ b 
AE%A+$?7;%(&')%CAG#*(( (&')%(%* E 0QHG^ CGHGIT ;Z_TS 3TM ;2&'.++& b 
AE%A+$?7;%(&')%CAG#*(+ (&')%)%'+ E 2GRGWNSKXBZW =GMG2NY^ ;Z_TS 3TM ;2&'.++' b 
AE%A+$?7;%(&')%CAG#*(, (&')%)%'. E 2GRGWNSKXBZW 1GYT ;Z_TS 3TM ;2&'.++( b 
AE%A+$?7;%(&')%CAG#*(- (&')%*%'+ E 0QHG^ 9T[KQQGW ;Z_TS 3TM ;2&'.++) b 
AE%A+$?7;%(&')%CAG#*(/ (&')%*%(* E 0QHG^ 3GWGMG ;Z_TS 3TM ;2&'.++* b 
AE%A($?7;%(&')%CAG#*)+ (&')%+%( 88 2GMG^GS ?NGY ;Z_TS 3TM ;2&'.+++ b 
AE%A($?7;%(&')%CAG#*)- (&')%+%'+ 88 =ZK[GEN_IG^G 1G^TRHTSM ;Z_TS 3TM ;2&'.++, b 
AE%A($?7;%(&')%CAG#*)/ (&')%+%'- 88 2GMG^GS ;GXGR ;Z_TS 3TM ;2&'.++- b 
AE%A)$?7;%(&')%CAG#**' (&')%(%'. 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&'.++. ;2&'.,'( 
AE%A)$?7;%(&')%CAG#**( (&')%(%(' 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.++/ ;2&'.,') 
AE%A)$?7;%(&')%CAG#**) (&')%(%'. 888 1ZQGIGS ?GTRHTSM ;Z_TS 3TM ;2&'.+,& ;2&'.,'* 
AE%A)$?7;%(&')%CAG#*** (&')%(%'* 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+,' ;2&'.,'+ 
AE%A)$?7;%(&')%CAG#**+ (&')%(%') 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 2GY ;2&'.+,( ;2&'.,', 
AE%A)$?7;%(&')%CAG#**, (&')%)%+ 888 CGWQGI 2TSIKUINTS ;Z_TS 3TM ;2&'.+,) b 
AE%A)$?7;%(&')%CAG#**- (&')%)%* 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.+,* ;2&'.,'- 
AE%A)$?7;%(&')%CAG#**. (&')%)%'' 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS 3TM ;2&'.+,+ b 
AE%A)$?7;%(&')%CAG#**/ (&')%)%'. 888 1ZQGIGS 6ZNMZNSYT ;Z_TS 3TM ;2&'.+,, ;2&'.,'. 
AE%A)$?7;%(&')%CAG#*+& (&')%)%'* 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+,- ;2&'.,'/ 
AE%A)$?7;%(&')%CAG#*+' (&')%)%'. 888 1ZQGIGS BGSYG<GWNG ;Z_TS 3TM ;2&'.+,. ;2&'.,(& 
AE%A)$?7;%(&')%CAG#*+( (&')%)%'/ 888 1ZQGIGS <GQTQTX ;Z_TS 3TM ;2&'.+,/ ;2&'.,(' 
AE%A)$?7;%(&')%CAG#*+) (&')%*%'( 888 ?GRUGSMG 0WG^GY ;Z_TS 3TM ;2&'.+-& ;2&'.,(( 
AE%A)$?7;%(&')%CAG#*+* (&')%*%', 888 1ZQGIGS 1ZQGIGS ;Z_TS 3TM ;2&'.+-' ;2&'.,() 
AE%A)$?7;%(&')%CAG#*++ (&')%*%', 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&'.+-( ;2&'.,(* 
AE%A)$?7;%(&')%CAG#*+, (&')%*%', 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+-) ;2&'.,(+ 
AE%A)$?7;%(&')%CAG#*+- (&')%*%'. 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&'.+-* ;2&'.,(, 
AE%A)$?7;%(&')%CAG#*+. (&')%*%(+ 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&'.+-+ b 
AE%A)$?7;%(&')%CAG#*+/ (&')%*%(/ 888 ?GRUGSMG 2GSJGHG ;Z_TS =TJGYG ;2&'.+-, ;2&'.,(- 
AE%A)$?7;%(&')%CAG#*,& (&')%*%)& 888 =ZK[G4INOG BGS0SYTSNT ;Z_TS =TJGYG ;2&'.+-- b 
AE%A)$?7;%(&')%CAG#*,' (&')%+%( 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&'.+-. ;2&'.,(. 
AE%A)$?7;%(&')%CAG#*,( (&')%+%(& 888 =ZK[G4INOG BGS9TXK2NY^ ;Z_TS 3TM ;2&'.+-/ b 
AE%A)$?7;%(&')%CAG#*,) (&')%+%() 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&'.+.& ;2&'.,(/ 
AE%A)$?7;%(&')%CAG#*,* (&')%+%'- 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&'.+.' ;2&'.,)& 
AE%A)$?7;%(&')%CAG#*,+ (&')%,%+ 888 =ZK[G4INOG FGWGMTXG ;Z_TS 3TM ;2&'.+.( b 
AE%A)$?7;%(&')%CAG#*,, (&')%,%'- 888 =ZK[G4INOG CGQG[KWG ;Z_TS 3TM ;2&'.+.) b 
AE%A*0$?7;%(&')%CAG#*.+ (&')%(%(( 8E0 1GYGSMGX CGSGZGS ;Z_TS 3TM ;2&,./', b 
AE%A*1$?7;%(&')%CAG#*., (&')%+%'. 8E#1 ?GQG\GS ?ZKWYT?WNSIKXG2NY^ ?GQG\GS 3TM ;2&'.+.* b 
AE%A*1$?7;%(&')%CAG#*.- (&')%,%') 8E#1 ?GQG\GS ?ZKWYT?WNSIKXG2NY^ ?GQG\GS 3TM ;2&'.+.+ b 







AE%A($?7;%(&')%CAG#+&) (&')%-%+ 88 =ZK[GEN_IG^G :GXNQHZ ;Z_TS 3TM ;2&'.+.- b 
AE%A($?7;%(&')%CAG#+&* (&')%-%)& 88 =ZK[GEN_IG^G 1GMGHGM ;Z_TS 3TM ;2&'.+.. b 
AE%A($?7;%(&')%CAG#+&+ (&')%.%. 88 8XGHKQG BGS<GYKT ;Z_TS 3TM ;2&'.+./ b 
AE%A($?7;%(&')%CAG#+&, (&')%/%'- 88 2GMG^GS ?KaGHQGSIG ;Z_TS 3TM ;2&'.+/& b 
AE%20A$?7;%(&')%CAG#+&- (&')%/%'/ 20A :GQNSMG0UG^GT CGHZP ;Z_TS 3TM ;2&'.+/' b 
AE%A)$?7;%(&')%CAG#+&/ (&')%/%(- 888 1ZQGIGS BYG$<GWNG ;Z_TS 3TM ;2&,./'- b 
AE%20A$?7;%(&')%CAG#+'& (&')%'&%' 20A 8LZMGT :NGSMGS ;Z_TS 3TM ;2&,./'. b 
AE%A)$?7;%(&')%CAG#+)) (&')%-%'. 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./'/ b 
AE%A)$?7;%(&')%CAG#+)* (&')%-%'. 888 ?GRUGSMG 0WG^GY ;Z_TS 3TM ;2&,./(& b 
AE%A)$?7;%(&')%CAG#+)+ (&')%-%'. 888 1ZQGIGS ?GSJN ;Z_TS 3TM ;2&,./(' b 
AE%A)$?7;%(&')%CAG#+), (&')%-%'+ 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&,./(( b 
AE%A)$?7;%(&')%CAG#+)- (&')%.%' 888 1ZQGIGS <K^IGZG^GS ;Z_TS 3TM ;2&,./() b 
AE%A)$?7;%(&')%CAG#+). (&')%-%(* 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&,./(* b 
AE%A)$?7;%(&')%CAG#+*& (&')%.%(/ 888 ?GRUGSMG BGS;ZNX ;Z_TS 3TM ;2&,./(+ b 
AE%A)$?7;%(&')%CAG#+*' (&')%/%, 888 =ZK[G4INOG 9GKS ;Z_TS 3TM ;2&,./(, b 
AE%A)$?7;%(&')%CAG#+*( (&')%/%', 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./(- b 
AE%A)$?7;%(&')%CAG#+*) (&')%'&%) 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./(. b 
AE%A)$?7;%(&')%CAG#+** (&')%'&%- 888 ?GRUGSMG <GIGHKHK ;Z_TS 2GY ;2&,./(/ b 
AE%A)$?7;%(&')%CAG#+*+ (&')%'&%'* 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./)& b 
AE%A)$?7;%(&')%CAG#+*- (&')%'&%. 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./)' b 
AE%A)$?7;%(&')%CAG#+*. (&')%'&%(' 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./)( b 
AE%A)$?7;%(&')%CAG#+*/ (&')%'&%(+ 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./)) b 
AE%A)$?7;%(&')%CAG#++& (&')%'&%(/ 888 ?GRUGSMG BGSBNRTS ;Z_TS 3TM ;2&,./)* b 
AE%A)$?7;%(&')%CAG#++' (&')%''%* 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS =0 ;2&,./)+ b 
AE%A)$?7;%(&')%CAG#++( (&')%''%* 888 ?GRUGSMG 2GSJGHG ;Z_TS 3TM ;2&,./), b 
AE%A)$?7;%(&')%CAG#++* (&')%''%(& 888 1ZQGIGS 7GMTST^ ;Z_TS 3TM ;2&,./)- b 
AE%A)$?7;%(&')%CAG#++, (&')%''%(& 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./). b 
AE%A)$?7;%(&')%CAG#++- (&')%''%(& 888 1ZQGIGS BGS9TXKJKQ<TSYK ;Z_TS 3TM ;2&,./)/ b 
AE%A'$?7;%(&')%CAG#+,/ (&')%''%(' 8 8QTITXBZW BGSYG2WZ_ ;Z_TS 3TM ;2&,./*& b 
AE%20A$?7;%(&')%CAG#+-' (&')%''%(- 20A <TZSYGNS?WT[NSIK ?GWGIKQNX ;Z_TS 3TM ;2&,./*' b 
AE%A'$?7;%(&')%CAG#+-( (&')%''%(- 8 ;GDSNTS 1GSMGW ;Z_TS 3TM ;2&,./*( b 
AE%A'$?7;%(&')%CAG#+-) (&')%''%(/ 8 ;GDSNTS =GMZNQNGS ;Z_TS 3TM ;2&,./*) b 
AE%A)$?7;%(&')%CAG#+.' (&')%''%(' 888 CGWQGI 2GUGX ;Z_TS 3TM ;2&,./** b 
AE%A)$?7;%(&')%CAG#+.( (&')%'(%( 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./*+ b 
AE%A)$?7;%(&')%CAG#+.) (&')%'(%( 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&,./*, b 
AE%A)$?7;%(&')%CAG#+.* (&')%'(%) 888 =ZK[G4INOG ?GSYGHGSMGS ;Z_TS 3TM ;2&,./*- b 
AE%A)$?7;%(&')%CAG#+., (&')%'(%/ 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./*. b 
AE%A)$?7;%(&')%CAG#+.- (&')%'(%() 888 ?GRUGSMG BGS5KWSGSJT ;Z_TS 3TM ;2&,./*/ b 
AE%A)$?7;%(&')%CAG#+.. (&')%'(%(, 888 ?GRUGSMG <NSGQNS ;Z_TS 3TM ;2&,./+& b 
AE%A)$?7;%(&')%CAG#+./ (&')%'(%(- 888 ?GRUGSMG <GIGHKHK ;Z_TS 3TM ;2&,./+' b 
AE%A*0$?7;%(&&*%F&*#&*( (&&*%'%(( 8E#0 2G[NYK 3GXRGWNSGX ;Z_TS 3TM 01+,)-/' b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&*%F&*#*&' (&&*%-%+ 8E#0 AN_GQ CG^YG^ ;Z_TS 3TM 01+,)-/* b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&*%F&*#*-& (&&*%.%'( 8E#0 ;GMZSG BGSYGATXG ;Z_TS 3TM 01,.)+.- b BGNYTKYGQ$"(&')
AE%A*0$?7;%(&&*%F&*#*.& (&&*%.%(( 8E#0 ;GMZSG BGS?KJWT ;Z_TS 3TM 01+,)-/- b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&*%F&*#+'/ (&&*%/%'. 888 0ZWTWG 1GQKW ;Z_TS 3TM 01+,)-/. b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&*%F&*#+(( (&&*%/%/ =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01,.)+.* b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&*%F&*#,*, (&&*%'(%, =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01-))/,) b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#&&/ (&&+%'%- =2A <KYWTUTQNYGS<GSNQG @ZK_TS2NY^ ;Z_TS 3TM 01+,).&& b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#&/& (&&+%(%'+ =2A <KYWTUTQNYGS<GSNQG ?GXNM2NY^ ;Z_TS 3TM 01+,).&) b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#'*/ (&&+%)%', =2A <KYWTUTQNYGS<GSNQG ?GXG^2NY^ ;Z_TS 3TM 01+,).&+ b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#',. (&&+%)%(/ =2A <KYWTUTQNYGS<GSNQG CGMZNM2NY^ ;Z_TS 3TM 01+,).&, b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&+%F&+#'/. (&&+%*%') 888 =ZK[G4INOG ?GQG^GS ;Z_TS 3TM 01+,).&/ b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#)-) (&&+%-%'. =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01+,).'( b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#)/, (&&+%-%(. =2A <KYWTUTQNYGS<GSNQG ;GX?NaGX2NY^ ;Z_TS 3TM 01+,).') b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#*,+ (&&+%/%'- =2A <KYWTUTQNYGS<GSNQG ?GXNM2NY^ ;Z_TS 3TM 01+,).'+ b BGNYTKYGQ$"(&')
AE%=2A$?7;%(&&+%F&+#*,, (&&+%/%'/ =2A <KYWTUTQNYGS<GSNQG ?GWGaGVZK2NY^ ;Z_TS 3TM 01+,).', b BGNYTKYGQ$"(&')
AE%A)$?7;%(&&+%F&+#+&- (&&+%'&%(- 888 1ZQGIGS =TW_GMGWG^ ;Z_TS 3TM 01+,).'- b BGNYT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<?xml version="1.0" standalone="yes"?> 
 
<!-- Generated by BEAUTi v1.8.0                                              --> 
<!--  by Alexei J. Drummond, Andrew Rambaut and Marc A. Suchard         --> 
<!--  Department of Computer Science, University of Auckland and        --> 
<!--  Institute of Evolutionary Biology, University of Edinburgh        --> 
<!--  David Geffen School of Medicine, University of California, Los Angeles--> 
<!--  http://beast.bio.ed.ac.uk/                                        --> 
 
<beast> 
 <!-- The list of taxa to be analysed (can also include dates/ages).          --> 
 <!-- ntax=39                                                                 --> 
 <taxa id="taxa"> 
  <taxon id="TRa-299_I_2010.033"> 
   <date value="2010.033" direction="forwards" units="years"/> 
   <attr name="prov"> 
    Pangasinan 
   </attr> 
  </taxon> 
  <!--    -->   
 </taxa> 
  
<!-- The sequence alignment (each sequence refers to a taxon above).         --> 
 <!-- ntax=39 nchar=2463                                                      --> 
 <alignment id="alignment" dataType="nucleotide"> 
  <sequence> 
   <taxon idref="TRa-299_I_2010.033"/> 
 AGCAAGATCTTCGTCAATCCAAGTGCAATCAGAGCCGGCTTGGCTGACCTTGAGATG... 
  <!--    -->   
 </alignment> 
  
<patterns id="CP1.patterns" from="1" every="3" strip="false"> 
  <alignment idref="alignment"/> 
 </patterns> 
 <patterns id="CP2.patterns" from="2" every="3" strip="false"> 
  <alignment idref="alignment"/> 
 </patterns> 
 <patterns id="CP3.patterns" from="3" every="3" strip="false"> 




  <state code="Bulacan"/> 
  <state code="Pampanga"/> 
  <state code="Pangasinan"/> 
  <state code="Romblon"/> 
 </generalDataType> 
 <attributePatterns id="prov.pattern" attribute="prov"> 
  <taxa idref="taxa"/> 
  <generalDataType idref="prov.dataType"/> 
 </attributePatterns> 
 <constantSize id="constant" units="years"> 
  <populationSize> 
   <parameter id="constant.popSize" value="34.0" lower="0.0"/> 
  </populationSize> 
 </constantSize> 
 <coalescentSimulator id="startingTree"> 
  <taxa idref="taxa"/> 
  <constantSize idref="constant"/> 
 </coalescentSimulator> 
 <treeModel id="treeModel"> 
  <coalescentTree idref="startingTree"/> 
  <rootHeight> 
   <parameter id="treeModel.rootHeight"/> 
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  </rootHeight> 
  <nodeHeights internalNodes="true"> 
   <parameter id="treeModel.internalNodeHeights"/> 
  </nodeHeights> 
  <nodeHeights internalNodes="true" rootNode="true"> 
   <parameter id="treeModel.allInternalNodeHeights"/> 
  </nodeHeights> 
 </treeModel> 
 <coalescentLikelihood id="coalescent"> 
  <model> 
   <constantSize idref="constant"/> 
  </model> 
  <populationTree> 
   <treeModel idref="treeModel"/> 
  </populationTree> 
 </coalescentLikelihood> 
 
 <strictClockBranchRates id="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"> 
  <rate> 
   <parameter id="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"  
   value="4.0E-4" lower="0.0"/> 
  </rate> 
 </strictClockBranchRates> 
 <strictClockBranchRates id="prov.branchRates"> 
  <rate> 
   <parameter id="prov.clock.rate" value="1.0" lower="0.0"/> 
  </rate> 
 </strictClockBranchRates> 
 
 <TN93Model id="CP1.tn93"> 
  <frequencies> 
   <frequencyModel dataType="nucleotide"> 
    <frequencies> 
     <parameter id="CP1.frequencies" 
 value="0.25 0.25 0.25 0.25"/> 
    </frequencies> 
   </frequencyModel> 
  </frequencies> 
  <kappa1> 
   <parameter id="CP1.kappa1" value="2.0" lower="0.0"/> 
  </kappa1> 
  <kappa2> 
   <parameter id="CP1.kappa2" value="2.0" lower="0.0"/> 
  </kappa2> 
 </TN93Model> 
 <TN93Model id="CP2.tn93"> 
  <frequencies> 
   <frequencyModel dataType="nucleotide"> 
    <frequencies> 
     <parameter id="CP2.frequencies"  
value="0.25 0.25 0.25 0.25"/> 
    </frequencies> 
   </frequencyModel> 
  </frequencies> 
  <kappa1> 
   <parameter id="CP2.kappa1" value="2.0" lower="0.0"/> 
  </kappa1> 
  <kappa2> 
   <parameter id="CP2.kappa2" value="2.0" lower="0.0"/> 
  </kappa2> 
 </TN93Model> 
 <TN93Model id="CP3.tn93"> 
  <frequencies> 
   <frequencyModel dataType="nucleotide"> 
    <frequencies> 
     <parameter id="CP3.frequencies"  
value="0.25 0.25 0.25 0.25"/> 
    </frequencies> 
   </frequencyModel> 
  </frequencies> 
  <kappa1> 
   <parameter id="CP3.kappa1" value="2.0" lower="0.0"/> 
  </kappa1> 
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  <kappa2> 
   <parameter id="CP3.kappa2" value="2.0" lower="0.0"/> 
  </kappa2> 
 </TN93Model> 
 <siteModel id="CP1.siteModel"> 
  <substitutionModel> 
   <TN93Model idref="CP1.tn93"/> 
  </substitutionModel> 
  <relativeRate> 
   <parameter id="CP1.mu" value="1.0" lower="0.0"/> 
  </relativeRate> 
  <gammaShape gammaCategories="4"> 
   <parameter id="CP1.alpha" value="0.5" lower="0.0"/> 
  </gammaShape> 
 </siteModel> 
 <siteModel id="CP2.siteModel"> 
  <substitutionModel> 
   <TN93Model idref="CP2.tn93"/> 
  </substitutionModel> 
  <relativeRate> 
   <parameter id="CP2.mu" value="1.0" lower="0.0"/> 
  </relativeRate> 
  <gammaShape gammaCategories="4"> 
   <parameter id="CP2.alpha" value="0.5" lower="0.0"/> 
  </gammaShape> 
 </siteModel> 
 <siteModel id="CP3.siteModel"> 
  <substitutionModel> 
   <TN93Model idref="CP3.tn93"/> 
  </substitutionModel> 
  <relativeRate> 
   <parameter id="CP3.mu" value="1.0" lower="0.0"/> 
  </relativeRate> 
  <gammaShape gammaCategories="4"> 
   <parameter id="CP3.alpha" value="0.5" lower="0.0"/> 
  </gammaShape> 
 </siteModel> 
 <compoundParameter id="allMus"> 
  <parameter idref="CP1.mu"/> 
  <parameter idref="CP2.mu"/> 
  <parameter idref="CP3.mu"/> 
 </compoundParameter> 
 
 <treeLikelihood id="CP1.treeLikelihood" useAmbiguities="false"> 
  <patterns idref="CP1.patterns"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="CP1.siteModel"/> 
  <strictClockBranchRates 
   idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
 </treeLikelihood> 
 <treeLikelihood id="CP2.treeLikelihood" useAmbiguities="false"> 
  <patterns idref="CP2.patterns"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="CP2.siteModel"/> 
  <strictClockBranchRates  
  idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
 </treeLikelihood> 
 <treeLikelihood id="CP3.treeLikelihood" useAmbiguities="false"> 
  <patterns idref="CP3.patterns"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="CP3.siteModel"/> 
  <strictClockBranchRates  
  idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
 </treeLikelihood> 
 
 <generalSubstitutionModel id="prov.model"> 
  <generalDataType idref="prov.dataType"/> 
  <frequencies> 
   <frequencyModel id="prov.frequencyModel" normalize="true"> 
    <generalDataType idref="prov.dataType"/> 
    <frequencies> 
     <parameter id="prov.frequencies" dimension="4"/> 
    </frequencies> 
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   </frequencyModel> 
  </frequencies> 
  <rates> 
   <parameter id="prov.rates" dimension="6" value="1.0"/> 
  </rates> 
  <rateIndicator> 
   <parameter id="prov.indicators" dimension="6" value="1.0"/> 
  </rateIndicator> 
 </generalSubstitutionModel> 
 <sumStatistic id="prov.nonZeroRates" elementwise="true"> 
  <parameter idref="prov.indicators"/> 
 </sumStatistic> 
 <productStatistic id="prov.actualRates" elementwise="false"> 
  <parameter idref="prov.indicators"/> 
  <parameter idref="prov.rates"/> 
 </productStatistic> 
 <siteModel id="prov.siteModel"> 
  <substitutionModel> 
   <generalSubstitutionModel idref="prov.model"/> 
  </substitutionModel> 
 </siteModel> 
 
 <!-- Record the markov jump history --> 
 <markovJumpsTreeLikelihood id="prov.treeLikelihood" stateTagName="prov.states"  
 useUniformization="true" numberOfSimulants="1" saveCompleteHistory="true"> 
  <attributePatterns idref="prov.pattern"/> 
  <treeModel idref="treeModel"/> 
  <siteModel idref="prov.siteModel"/> 
  <generalSubstitutionModel idref="prov.model"/> 
  <strictClockBranchRates idref="prov.branchRates"/> 
  <!-- Count the number of migration b/w Romblon and Pampanga --> 
  <parameter id="count_Romb-Pamp" value=" 
   0 0 0 1 
   0 0 0 0 
   0 0 0 0 
   1 0 0 0 
   "/> 
 </markovJumpsTreeLikelihood> 
 
 <operators id="operators" optimizationSchedule="log"> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP1.kappa1"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP2.kappa1"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP3.kappa1"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP1.kappa2"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP2.kappa2"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP3.kappa2"/> 
  </scaleOperator> 
  <deltaExchange delta="0.01" weight="0.1"> 
   <parameter idref="CP1.frequencies"/> 
  </deltaExchange> 
  <deltaExchange delta="0.01" weight="0.1"> 
   <parameter idref="CP2.frequencies"/> 
  </deltaExchange> 
  <deltaExchange delta="0.01" weight="0.1"> 
   <parameter idref="CP3.frequencies"/> 
  </deltaExchange> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP1.alpha"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP2.alpha"/> 
  </scaleOperator> 
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  <scaleOperator scaleFactor="0.75" weight="0.1"> 
   <parameter idref="CP3.alpha"/> 
  </scaleOperator> 
  <deltaExchange delta="0.75" parameterWeights="821 821 821" weight="4"> 
   <parameter idref="allMus"/> 
  </deltaExchange> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter i 
dref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
  </scaleOperator> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter idref="prov.clock.rate"/> 
  </scaleOperator> 
  <subtreeSlide size="3.4" gaussian="true" weight="15"> 
   <treeModel idref="treeModel"/> 
  </subtreeSlide> 
  <narrowExchange weight="15"> 
   <treeModel idref="treeModel"/> 
  </narrowExchange> 
  <wideExchange weight="3"> 
   <treeModel idref="treeModel"/> 
  </wideExchange> 
  <wilsonBalding weight="3"> 
   <treeModel idref="treeModel"/> 
  </wilsonBalding> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter idref="treeModel.rootHeight"/> 
  </scaleOperator> 
  <uniformOperator weight="30"> 
   <parameter idref="treeModel.internalNodeHeights"/> 
  </uniformOperator> 
  <scaleOperator scaleFactor="0.75" weight="3"> 
   <parameter idref="constant.popSize"/> 
  </scaleOperator> 
  <upDownOperator scaleFactor="0.75" weight="3"> 
   <up> 
   <parameter  
idref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
   </up> 
   <down> 
   <parameter idref="treeModel.allInternalNodeHeights"/> 
   </down> 
  </upDownOperator> 
  <upDownOperator scaleFactor="0.75" weight="3"> 
   <up> 
   <parameter idref="prov.clock.rate"/> 
   </up> 
   <down> 
   <parameter idref="treeModel.allInternalNodeHeights"/> 
   </down> 
  </upDownOperator> 
  <scaleOperator scaleFactor="0.75" weight="1" scaleAllIndependently="true"> 
   <parameter idref="prov.rates"/> 
  </scaleOperator> 
  <bitFlipOperator weight="1"> 
   <parameter idref="prov.indicators"/> 
  </bitFlipOperator> 
 </operators> 
 
 <mcmc id="mcmc" chainLength="20000000" autoOptimize="true"  
 operatorAnalysis="RABV_PG2463nt.ops.txt"> 
  <posterior id="posterior"> 
   <prior id="prior"> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP1.kappa1"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP2.kappa1"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
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     <parameter idref="CP3.kappa1"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP1.kappa2"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP2.kappa2"/> 
    </logNormalPrior> 
    <logNormalPrior mean="1.0" stdev="1.25" offset="0.0" 
     meanInRealSpace="false"> 
     <parameter idref="CP3.kappa2"/> 
    </logNormalPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter idref="CP1.mu"/> 
    </gammaPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter idref="CP2.mu"/> 
    </gammaPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter idref="CP3.mu"/> 
    </gammaPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="CP1.frequencies"/> 
    </uniformPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="CP2.frequencies"/> 
    </uniformPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="CP3.frequencies"/> 
    </uniformPrior> 
    <exponentialPrior mean="0.5" offset="0.0"> 
     <parameter idref="CP1.alpha"/> 
    </exponentialPrior> 
    <exponentialPrior mean="0.5" offset="0.0"> 
     <parameter idref="CP2.alpha"/> 
    </exponentialPrior> 
    <exponentialPrior mean="0.5" offset="0.0"> 
     <parameter idref="CP3.alpha"/> 
    </exponentialPrior> 
    <gammaPrior shape="0.001" scale="2000.0" offset="0.0"> 
     <parameter  
          idref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
    </gammaPrior> 
    <ctmcScalePrior> 
     <ctmcScale> 
      <parameter idref="prov.clock.rate"/> 
     </ctmcScale> 
     <treeModel idref="treeModel"/> 
    </ctmcScalePrior> 
    <oneOnXPrior> 
     <parameter idref="constant.popSize"/> 
    </oneOnXPrior> 
    <poissonPrior mean="0.6931471805599453" offset="3.0"> 
     <statistic idref="prov.nonZeroRates"/> 
    </poissonPrior> 
    <uniformPrior lower="0.0" upper="1.0"> 
     <parameter idref="prov.frequencies"/> 
    </uniformPrior> 
    <cachedPrior> 
     <gammaPrior shape="1.0" scale="1.0"  
     offset="0.0"> 
      <parameter idref="prov.rates"/> 
     </gammaPrior> 
     <parameter idref="prov.rates"/> 
    </cachedPrior> 
    <coalescentLikelihood idref="coalescent"/> 
    <generalSubstitutionModel idref="prov.model"/> 
   </prior> 
   <likelihood id="likelihood"> 
    <treeLikelihood idref="CP1.treeLikelihood"/> 
    <treeLikelihood idref="CP2.treeLikelihood"/> 
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    <treeLikelihood idref="CP3.treeLikelihood"/> 
    <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   </likelihood> 
  </posterior> 
  <operators idref="operators"/> 
 
  <log id="screenLog" logEvery="2000"> 
   <column label="Posterior" dp="4" width="12"> 
    <posterior idref="posterior"/> 
   </column> 
   <column label="Prior" dp="4" width="12"> 
    <prior idref="prior"/> 
   </column> 
   <column label="Likelihood" dp="4" width="12"> 
    <likelihood idref="likelihood"/> 
   </column> 
  </log> 
  <log id="fileLog" logEvery="2000" fileName="RABV_PG2463nt.log.txt"> 
   <posterior idref="posterior"/> 
   <prior idref="prior"/> 
   <likelihood idref="likelihood"/> 
   <parameter idref="treeModel.rootHeight"/> 
   <parameter idref="constant.popSize"/> 
   <parameter idref="CP1.kappa1"/> 
   <parameter idref="CP1.kappa2"/> 
   <parameter idref="CP2.kappa1"/> 
   <parameter idref="CP2.kappa2"/> 
   <parameter idref="CP3.kappa1"/> 
   <parameter idref="CP3.kappa2"/> 
   <parameter idref="CP1.frequencies"/> 
   <parameter idref="CP2.frequencies"/> 
   <parameter idref="CP3.frequencies"/> 
   <parameter idref="CP1.alpha"/> 
   <parameter idref="CP2.alpha"/> 
   <parameter idref="CP3.alpha"/> 
   <compoundParameter idref="allMus"/> 
   <parameter  
idref="RABV_PG2463nt_2nd_Rom_n39_detailed.clock.rate"/> 
   <parameter idref="prov.clock.rate"/> 
   <parameter idref="prov.rates"/> 
   <parameter idref="prov.indicators"/> 
   <sumStatistic idref="prov.nonZeroRates"/> 
   <treeLikelihood idref="CP1.treeLikelihood"/> 
   <treeLikelihood idref="CP2.treeLikelihood"/> 
   <treeLikelihood idref="CP3.treeLikelihood"/> 
   <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   <coalescentLikelihood idref="coalescent"/> 
  </log> 
 
  <log id="RABV_PG2463nt.provrateMatrixLog"  
  logEvery="2000" fileName="RABV_PG2463nt.rates.log"> 
   <parameter idref="prov.rates"/> 
   <parameter idref="prov.indicators"/> 
   <sumStatistic idref="prov.nonZeroRates"/> 
  </log> 
 
  <logTree id="treeFileLog" logEvery="2000" nexusFormat="true"  
  fileName="RABV_PG2463nt.trees.txt" 
   sortTranslationTable="true"> 
   <treeModel idref="treeModel"/> 
   <trait name="rate" tag="RABV_PG2463nt_2nd_Rom_n39_detailed.rate"> 
    <strictClockBranchRates  
   idref="RABV_PG2463nt_2nd_Rom_n39_detailed.branchRates"/> 
   </trait> 
   <trait name="rate" tag="prov.rate"> 
    <strictClockBranchRates idref="prov.branchRates"/> 
   </trait> 
   <posterior idref="posterior"/> 
   <trait name="prov.states" tag="prov"> 
    <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   </trait> 
  </logTree> 
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  <!-- write markov jump histroy in txt file --> 
  <log id="completeJumpHistory" logEvery="5000"  
  fileName="RABV_PG2463nt_jumpHistory.log.txt"> 
   <completeHistoryLogger> 
    <markovJumpsTreeLikelihood idref="prov.treeLikelihood"/> 
   </completeHistoryLogger> 




  <property name="timer"> 
   <mcmc idref="mcmc"/> 











##  Deterministic SEIR Model under pulse vaccination ## 
############################################## 
## S = Susceptible, E= Exposed, I= Infected, R = Removed (Died by rabies) 
## V = vinated, RR = Reported 
## Unit is "month" 
## Annual pulse vaccination 
## One month continuos vaccination once a year 
## Assuming dog population in Tablas island in Romblon (where RABVs were migrated) 
seirPv <- function(time, state, parameters) { 
  with(as.list(c(state, parameters)), { 
    n <- c(1:50) 
    if(any(time>=12*n & time<12*n+1)) 
    dS <- -beta * S * I + a*(S+E+V) - b*S  - m*((S+E+I+V)/area)*S - v*S + delta*V 
     else dS <- -beta * S * I + a*(S+E+V) - b*S  - m*((S+E+I+V)/area)*S + delta*V 
    dE <- beta*S*I - sigma*E -b*E  - m*((S+E+I+V)/area)*E 
    dI <- sigma*E - gamma * I - b*I  - m*((S+E+I+V)/area)*I 
    if(any(time>=12*n & time<12*n+1)) 
    dV <- v*S - delta*V -b*V - m*((S+E+I+V)/area)*V  
     else dV <- -delta*V - b*V - m*((S+E+I+V)/area)*V  
    dR <- gamma*I 
     
    # Reporting rate r 
    dRR <- r*gamma*I 
 return(list(c(dS, dE, dI, dV,dR, dRR))) 




### 1. Total Reported cases due to rabies ## 
#################################### 
## R0: basic reproduction number 
## report: Reporting rate 
## vac: vaccination rate = 0.18 in this study 
## birth: birth rate = 0.42 in this study 
## death: general mortality rate = 0.33 in this study 
## parameters in Table 3 
rptd <- function(R0,report,vac,birth,death){ 
  Infected <- Died <- Reported <- data.frame(V1=c(0:60)) 
  N <- 7357             # Dog population in Odiongan&Looc in 2012 
  K <- 7357/233.064     # Carrying capacity; dogs/km2 in Tablas island in 2012 
  # Initial status 
  # init(R)= Dogs vacciated in 2012 
  init <- c(S = N-1-N*vac, E = 0, I = 1, V = N*vac, R = 0, RR = 0)  
   
  parameters <- c( 
    beta = R0*(1/(25.5/30) + 0.42/12)*(1/(5.7/30) + 0.42/12)/(N*1/(25.5/30)),  
    sigma = 1/(25.5/30),  
    gamma = 1/(5.7/30),  
    v = vac, 
    delta = 1/(2*12),  
    a = birth/12,  
    b = death/12, 
    m = ((0.42-0.33)/12)/K, 
    area = 233.064, 
    r=report)   
   
  times <- seq(0, 60, by = 1) # upto 60/12 years 
  out <- as.data.frame(ode(y = init, times = times, func = seirPv, parms = parameters)) 
  out$time <- NULL 
  Infected <- out[,3] 
  Died <- out[,5] 
  Reported <- out[,6] 
  final <- max(Reported) 




## Heatmap of the reported cases (5 yrs) under various R0 and r 
hmap.rptd <- function(vac,birth,death){ 
  # R0 = 1~2, r = 1~30%   
  hmap <- matrix(rep(NA,330),nrow=11) 
  for(i in 1:11){ 
    for(j in 1:30){ 
      hmap[i,j] <- rptd(R0=1+(i-1)/10,report=j/100,vac,birth,death) 
    }} 
  tex <- paste("vaccination coverage =",vac*100,"%") 
  filled.contour(1+((1:11)-1)/10,(1:30),hmap,xlab="R0",ylab="Reporting rate (%)", 
    col=topo.colors(20),main=tex) 







## 2. Time required to report ≥1 cases ## 
################################# 
trqd <- function(R0,report,vac,birth,death){ 
  Infected <- Died <- Reported <- Reported_1m <- data.frame(V1=c(0:60)) 
  N <- 7357             # Dog population in Odiongan & Looc in 2012 
  K <- 7357/233.064     # Carrying capacity; dogs/km2 in Tablas island in 2012 
  # Initial status 
  init <- c(S = N-1-N*vac, E = 0, I = 1, V = N*vac, R = 0, RR = 0)    
  parameters <- c( 
    beta = R0*(1/(25.5/30) + 0.42/12)*(1/(5.7/30) + 0.42/12)/(N*1/(25.5/30)),  
    sigma = 1/(25.5/30),  
    gamma = 1/(5.7/30),  
    v = vac, 
    delta = 1/(2*12),  
    a = birth/12,  
    b = death/12, 
    m = ((0.42-0.33)/12)/K, 
    area = 233.064, 
    r=report)   
      
  times <- seq(0, 60, by = 1) # upto 60/12 years 
  out <- as.data.frame(ode(y = init, times = times, func = seirPv, parms = parameters)) 
  out$time <- NULL 
  Infected <- out[,3] 
  Died <- out[,5] 
  Reported <- out[,6] 
  for(k in 1:61){ 
    Reported_1m[k,] <- if(out[k,6]<1) 1 else 0 
  } 
  trqd_1m <- sum(Reported_1m)+1 
  return(trqd_1m ) 
} 
 
## Time required to detect ≥1 case after introduction under various R0 and r  
hmap.trqd <- function(vac,birth,death){ 
  # R0 = 1~2, r = 1~30% 
  hmap <- matrix(rep(NA,330),nrow=11) 
  for(i in 1:11){ 
    for(j in 1:30){ 
      hmap[i,j] <- trqd(R0=1+(i-1)/10,report=j/100,vac,birth,death) 
      ## Cutoff of 12 months 
      if(hmap[i,j]>12) hmap[i,j] <- 12 
    }} 
  tex <- paste("vaccination coverage =",vac*100,"%") 
  filled.contour(1+((1:11)-1)/10,(1:30),hmap,xlab="R0",ylab="Reporting rate (%)", 
      col=topo.colors(20),main=tex,family="Arial") 

















##             Data set             ## 
################################## 
setwd("XXXXX") # Set working directory 
 
## Map data 
rasters.scl <- raster("XXX") 
 
## Rabies samples location data 
rabv <- readShapePoints("XXXX") 
proj4string(rabv) <- CRS("+proj=longlat +ellps=WGS84") 
 
## Rabies sequence data 
dna <- fasta2DNAbin(file="./seq/RABV_G_Luz_n289_20141224_fin.fas") 
 
############################################ 
##                   Mantel test                ## 
## Cost or Conductance =  a*V1                 ## 
## V1 = Predictors, (e.g. slope, road, population)    ## 
## a = cost/conductance coefficient                ## 
############################################# 
# dna: sequene data 
# points: location of the samples 
# raster.scl: raster map (predictors to be tested) 
# Resistance: 1=TRUE (Cost), 2=False (Conductance) 
# max: max of coefficient a in the graph 
 
## Mantel test under Cost or Conductance model of Variable V1 
mantel.test <- function(dna,points,raster.scl,Resistance,max){ 
  # Genetic distance (Kimura 2-parm model) 
  genDist <-dist.dna(dna,model="K80",gamma=F) 
 
  calc <- function(par){ 
    a <- par[1] 
    # Cost or Conductance surface 
    R <- 1 + a*raster.scl 
    if(Resistance=="1"){ 
    tr <- transition(R, function(x){1/mean(x)},directions=16) 
    } 
    if(Resistance=="2"){ 
      tr <- transition(R, function(x){mean(x)},directions=16) 
    } 
    tr.c <- geoCorrection(tr,scl=FALSE) 
 
    # Least-cost distance 
    costDist <- as.dist(costDistance(tr.c,points)) 
 
    # Mantel test 
    test <- mantel(genDist ~ costDist) 
    return(test) 
  } 
 
  graph <- data.frame(no=0:50,r=rep(NA,51), 
                      L95=rep(NA,51), 
                      H95=rep(NA,51)) 
  # Mantel test under various coefficient a 
  for(i in 1:51){ 
    corr <- calc(graph$no[i]*max/50) 
    graph$r[i] <- corr[1] 
    graph$L95[i] <- corr[5] 
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    graph$H95[i] <- corr[6] 
  } 
 
  # Plot 
  x <- graph$no*max/50 
  y <- graph$r 
  y1 <- graph$L95 
  y2 <- graph$H95 
  xlabel <- if(Resistance=="1"){paste("Cost coefficient")} else  
     paste("Conductance Coefficient") 
  matplot(x,graph[,c(3,4)],col="grey85",type="l",lty=1,xlim=c(0,max), 
     xlab=xlabel,ylab="mantel's r") 
  polygon(c(x,rev(x)),c(y1,rev(y2)),col="grey85",border="grey85",lty=1) 
  matplot(x,y,type="l",col=1,lty=1,add=T) 
  return(graph) 
} 
 
## Graph of Cost and Conductance model of Varable V1 
# x: Results under Cost model 
# x.C: Results under Conductance model 
fig <- function(x,x.C){ 
  y <- data.frame(x,x.C) 
  matplot(y$no*10,y[,c(3,4,7,8)],col="grey85",type="l",lty=1,xlim=c(0,500), 
     xlab="cost/conductance coefficient",ylab="mantel's r") 
  polygon(c(x$no*10,rev(x$no*10)),c(x$L95,rev(x$H95)),col="#30303030", 
     border="#30303030",lty=1) 
  polygon(c(x.C$no*10,rev(x.C$no*10)),c(x.C$L95,rev(x.C$H95)),col="#95959530", 
     border="#95959530",lty=1) 
  matplot(y$no*10,y[,c(2,6)],type="l",col=1,lty=c(1,2),add=T) 
} 
 
## Mantel test using slope data 
SL <- mantel.test(dna,rabv,slope.scl,1,500)   # "Slope is Cost" 
SL.C <- mantel.test(dna,rabv,slope.scl,2,500) # "Slope is Conductance" 
 
# Plot the results of slope under both cost and conductance model 
fig(SL,SL.C)                           
ɺ ɺ
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##             Data set           ## 
################################ 
setwd("XXXXX") # Set working directory 
 
## Map data 
rasters.scl <- raster("XXX") 
 
## Rabies samples location data 
rabv <- readShapePoints("XXXX") 
proj4string(rabv) <- CRS("+proj=longlat +ellps=WGS84") 
 
## Posterior set of phylogenetic trees (by MrBayes, editted for AI test in BaTS) 
ai.input <- readLines("./XXXX/tmp/RABV_AI_input.txt",n=-1) 
 
################################################################ 
##-------------------------------------------- LCD clusters -------------------------------------## 
## Least-cost distance calculation                                       ## 
## R =  a*V1                                                         ## 
## V1 = Slope, road, population, landtype etc                             ## 
## a = resistance coefficient                                            ## 
##---------------------------------- MDS & k-means ------------------------------------------## 
## Least cost distance matrix will be projected into 2 dimension map by MDS ## 
## Iteration of k-means: max 100                                        ## 
## Number of start: 1000 to obtain convergence                           ## 
##--------------------------------------- BaTS analysis -----------------------------------------## 
## Traits: k-means clusters                                             ## 
## No of iterations for null distribution = 100                               ## 
################################################################# 
# ai.input: template tree set for BaTS 
# points: location of the samples (SpatialPoints) 
# raster.scl: raster map (predictors to be tested) 
# Resistance: 1=True (Cost), 2=False (Conductance) 
# K: no of k-means clusters 
# max: max of coefficient a in the graph 
## AI test under Cost or Conductance model of Variable V1 
 
AI.test <- function(ai.input,points,raster.scl,Resistance,K,max){ 
  bats <- function(par){ 
   # Least cost distance 
   a <- par[1] 
   R <- 1 + a*raster.scl 
   if(Resistance=="1"){ 
    tr <- transition(R, function(x){1/mean(x)},directions=16) 
    } 
   if(Resistance=="2"){ 
    tr <- transition(R, function(x){mean(x)},directions=16)     
    } 
   tr.c <- geoCorrection(tr,scl=FALSE) 
   costDist <- as.dist(costDistance(tr.c,points)) 
 
   # K-means clustering 
   mds <- cmdscale(costDist,k=2) 
   kc <- kmeans(mds[,c(1,2)],K,iter.max=100,nstart=1000) 
 
   # Input file for BaTS    
   input <- NA 
   for(i in 1:nrow(points)){ 
    input[i] <- paste(i,kc$cluster[i]) 
    ai.input[i+3] <- input[[i]] 
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    } 
   # template file generated in the tmo folder 
   write(ai.input,"./XXXX/tmp/temp.txt") 
   # AI test (100 replicates for randomization test) 
   # Use BaTS software (java) from R using "command" 
   command <- paste(" 
   java -jar C:/Users/XXXXX/BaTS_beta_build2.jar single  
   ./XXXX/tmp/temp.txt 100", K) 
   output <- system(command,intern=T,show.output.on.console=F) 
    
# Extract AI results 
   output <- strsplit(tail(output,K+5+2),"¥t") 
    aio <- as.numeric(output[[1]][2:4]) # Observed AI 
    aie <- as.numeric(output[[1]][5:7]) # Expected AI 
   # AI ratio = Observed AI[95CI from posteriors]/ Expected AI 
   ai.r <- data.frame(med=aio[1]/aie[1],L95=aio[2]/aie[1], H95=aio[3]/aie[1]) 
   ai.o <- data.frame(med=aio[1],L95=aio[2],H95=aio[3]) 
     ai.e <- data.frame(med=aie[1],L95=aie[2],H95=aie[3]) 
     AI <- rbind(ai.r,ai.o,ai.e) 
     rownames(AIPS)<-c("AI ratio","AI","AI exp") 
     return(AI) 
     } 
 
  graph <- data.frame(no=0:50,ai=rep(NA,51),     
    ai95L=rep(NA,51), 
     ai95H=rep(NA,51), 
   aie=rep(NA,51),    
    aie95L=rep(NA,51), 
     aie95H=rep(NA,51), 
     air=rep(NA,51), 
     air95L=rep(NA,51), 
     air95H=rep(NA,51)    
    ) 
  # AI test under various coefficient a 
  for(i in 1:51){ 
   AIs <- bats(graph$no[i]*max/50) 
   graph$ai[i] <- AI[2,1] 
   graph$ai95L[i] <- AI[2,2] 
   graph$ai95H[i] <- AI[2,3] 
   graph$aie[i] <- AI[3,1] 
   graph$aie95L[i] <- AI[3,2] 
   graph$aie95H[i] <- AI[3,3] 
   graph$air[i] <- AI[1,1] 
   graph$air95L[i] <- AI[1,2] 
   graph$air95H[i] <- AI[1,3] 
   } 
    
    # Plot       
    xlabel <- if(Resistance=="1") {paste("Cost coefficient")}  else paste("Conductance coefficient") 
    x <- graph$no*max/50 
    matplot(x,graph[,8:10],type="l",xlim=c(0,max),xlab=xlabel,ylab="AI ratio",lty=1,col="grey85") 
 polygon(c(x,rev(x)),c(graph$air95L,rev(graph$air95H)),col="grey85",border="grey85") 
 matplot(x,graph$air,type="l",lty=1,col=1,add=T) 
    return(graph) 
 } 
 
## Graph of Cost and Conductance model of Varable V1 
# x: Results under Cost model 
# x.C: Results under Conductance model 
fig <- function(x,x.C){ 
  y <- data.frame(x,x.C) 
  matplot(y$no*10,y[,c(9,10,19,20)],col="grey85",type="l",lty=1,xlim=c(0,500), 
     xlab="cost/conductance coefficient",ylab="AI ratio") 
  polygon(c(x$no*10,rev(x$no*10)),c(x$air95L,rev(x$air95H)),col="#30303030",border="#30303030",lty=1) 
  polygon(c(x.C$no*10,rev(x.C$no*10)),c(x.C$air95L,rev(x.C$air95H)),col="#95959530", 
     border="#95959530",lty=1) 
  matplot(y$no*10,y[,c(8,18)],type="l",col=1,lty=c(1,2),add=T) 
} 
 
## AI test using slope data, K (number of clusters) = 10 
slope.AI10 <- AI.test(ai.input,rabv,slope.scl,1,10,500) 
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